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Claimed Domestic Priority: 4/22/2005 (US 60/673935) 
Claimed Foreign Priority: NONE 
Applicant: Anderson 
Examiner: Raj R. Gupta 

DETAILED ACTION 

This Office Action responds to the amendment filed on 3/26/2010 and the RCE filed on 
4/28/2010. 
Acknowledgment 

1 . The amendment filed on 3/26/2010, responding to the Office Action mailed on 
12/29/2009, has been entered. The present Office Action is made with all the suggested 
amendments being fiiUy considered. Accordingly, pending in this Office Action are claims 1-26. 

Continued Examination Under 37 CFR 1.114 

2. A request for continued examination under 37 CFR 1.1 14, including the fee set forth in 
37 CFR 1 .17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.1 14, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.114. Applicant's submission filed on 3/26/2010 has been entered. 
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Claim Rejections - 35 USC § 103 

3. The following is a quotation of 35 U.S. C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the im ention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the stibject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

4. Claims 1-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over Hshieh et al 
(US 2006/0205174) in view of Geiss et al (US 2006/0124964). 

5 . With regard to claim 1 , Hshieh et al (US 2006/0205 1 74, hereinafter Hshieh) teaches in 
Figs 13 and 23: a method of manufacturing a semiconductor device comprising: providing a 
semiconductor substrate having first (P- Epitaxial layer) and second main surfaces (P++ 
Substrate) opposite to each other, the semiconductor substrate having a heavily doped region of a 
first conductivity type (P++) at the second main surface and having a lightly doped region of the 
first conductivity type (P-) at the first main surface (501); providing in the semiconductor 
substrate a plurality of trenches (see Fig 2, 9 for exemplary trenches) and a plurality of mesas 
(see Fig 2, 1 1 for exemplary mesas) with each mesa having an adjoining trench (clearly visible in 
Fig 2) and a first extending portion extending from the first main surface toward the heavily 
doped region to a first depth position (clearly visible in Fig 2), at least one mesa having a first 
sidewall surface and a second sidewall surface, each of the plurality of trenches having a bottom 
(all of these structures clearly visible in Fig 2) (Fig 23, step 501); doping with a dopant of a 
second conductivity type the first sidewall surface of the at least one mesa to form a first doped 
region of the second conductivity type (504); doping with the dopant of the second conductivity 
type the second sidewall surface of the at least one mesa to form a second doped region of the 
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second conductivity type (505); doping with a dopant of the first conductivity type the first 
sidewall surface of the at least one mesa to provide a second doped region of the first 
conductivity type at the first sidewall (507), and doping with the dopant of the first conductivity 
type the second sidewall surface of the at least one mesa to provide a fourth doped region of the 
first conductivity type at the second sidewall (508); after the doping of the first and second 
sidewall surfaces of the at least one mesa (104-109 in Fig 13) is completed, lining at least the 
trenches adjacent to the at least one mesa with a nitride material (113, also see Fig 11, 133, and 
[0075]); and after the lining with the nitride material is completed, filling at least the trenches 
adjacent to the at least one mesa with one of a semi- insulating material and an insulating 
material (110, 510). 

6. Hshieh discloses the claimed invention except for the use of nitride instead of oxide. 
Geiss teaches ([0032]) that oxide and nitride are equivalent materials known in the art. 
Therefore, because these trench liner materials were art-recognized equivalents at the time of the 
invention was made and one skilled in the art could have combined the elements as claimed by 
known methods with no change in their respective fimctions, one of ordinary skill in the art 
would have found it obvious to substitute oxide for nitride since the substitution would yield 
predictable results. See Supreme Court decision in KSR International Co. v. Teleflex Inc., 550 
U.S. _, 82 YSPQ2d 1385 (2007). 

7. With regard to claim 2, Hshieh teaches: the oxide lining is formed by one of low pressure 
(LP) chemical vapor deposition (CVD) Tetraethylorthosilicate (TEOS) and a spun- on-glass 
(SOG) deposition ([0075]). 
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8. With regard to claim 3, Hshieh teaches: forming a layer of undoped polysilicon, after the 
oxide lining step, over the trench bottoms and the mesas, each including the first and second 
sidewalls (Fig 23,510). 

9. With regard to claim 4, Hshieh teaches: the step of filling the plurality of trenches with 

one of a semi-insulating material and an insulating material includes filling the plurality of 
trenches with at least one of undoped polysilicon, doped polysilicon, doped oxide, undoped 
oxide, siUcon nitride and semi-insulating polycrystalline silicon (SIPOS) (Fig 23, 510 and 
[0080]). 

10. With regard to claim 5, Hshieh teaches: the first sidewall surface has a first 
predetermined inclination maintained relative to the first main surface and the second sidewall 
surface has a second predetermined inclination maintained relative to the first main surface 
([0062]). 

1 1 . With regard to claim 6, Hshieh teaches: the first and second sidewall surfaces are 
generally perpendicular relative to the first main surface ([0063]). 

12. With regard to claim 7, Hshieh teaches: the plurality of trenches are formed utilizing one 
or more of plasma etching, reactive ion etching (RIE), sputter etching, vapor phase etching and 
chemical etching ([0066]). 

13. With regard to claim 8, Hshieh teaches: the implanting of the dopant of a second 
conductivity type into the first sidewall surface is performed at a first predetermined angle of 
implant (Fig 23, 504). 
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14. With regard to claim 9, Hshieh teaches: the doping with the dopant of a second 
conductivity type into the second sidewall surface is performed at a second predetermined angle 
of implant (Fig 23,505). 

15. With regard to claim 10, Hshieh teaches: the doping with the dopant of the first 
conductivity type into the first sidewall surface is performed at the first predetermined angle of 
implant (Fig 23, 507). 

16. With regard to claim 11, Hshieh teaches: the doping with the dopant of the first 
conductivity type into the second sidewall surface is performed at the second predetermined 

angle of implant (Fig 23, 508). 

17. With regard to claim 12, Hshieh teaches: diffusing the dopants of the second conductivity 
type into the at least one mesa prior to doping with the dopants of the first conductivity type (Fig 
23, 506). 

18. With regard to claim 13, Hshieh teaches: A semiconductor formed by the method of 
claim 1 (Fig 26, entire figure). 

19. With regard to claim 14 Hshieh teaches in Figs 13 and 20: A method of manufacturing a 
semiconductor device comprising: providing a semiconductor substrate having first (N- Epitaxial 

layer) and second (N++ Substrate) main surfaces opposite to each other, the semiconductor 
substrate having a heavily doped region of a first conductivity typQ (N++) at the second main 
surface and having a lightly doped region of the first conductivity type (N-) at the first main 
surface (401); providing in the semiconductor substrate a plurality of trenches (see Fig 2, 9 for 
exemplary trenches) and a plurality of mesas (see Fig 2, 1 1 for exemplary mesas), with each 
mesa having an adjoining trench (clearly visible in Fig 2) and a first extending portion extending 
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from the first main surface toward the heavily doped region to a first depth position (clearly 
visible in Fig 2), at least one mesa having a first sidewall surface and a second sidewall surface, 
each of the plurality of trenches having a bottom (all of these structures clearly visible in Fig 2) 
(Fig 20, step 401); doping with a dopant of the first conductivity type the first sidewall surface of 
the at least one mesa to form a first doped region of the first conductivity type (404); doping with 
a dopant of the first conductivity type the second sidewall surface of the at least one mesa to 
form a second doped region of the first conductivity type (405); doping with a dopant of the 
second conductivity type the first sidewall surface of the at least one mesa to provide a second 
doped region of the first conductivity type at the first sidewall (407), doping with the dopant of 
the second conductivity type the second sidewall of the at least one mesa (408); after the doping 
of the first and second sidewall surfaces of the at least one mesa (104-109 in Fig 13) is 
completed, lining at least the trenches adjacent to the at least one mesa with a nitride material 
(113, also see Fig 11, 133, and [0075]); and after the lining with the nitride material is 
completed, filling at least the trenches adjacent to the at least one mesa with one of a semi- 
insulating material and an insulating material (1 10, 410). 

20. Hshieh discloses the claimed invention except for the use of nitride instead of oxide. 

Geiss teaches ([0032]) that oxide and nitride are equivalent materials known in the art. 
Therefore, because these trench liner materials were art-recognized equivalents at the time of the 
invention was made and one skilled in the art could have combined the elements as claimed by 
known methods with no change in their respective fimctions, one of ordinary skill in the art 
would have found it obvious to substitute oxide for nitride since the substitution would yield 
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predictable results. See Supreme Court decision in KSR International Co. v. Teleflex Inc., 550 
U.S. _, 82 YSPQ2d 1385 (2007). 

21. With regard to claim 15, Hshieh teaches: the oxide lining is formed by one of low 
pressure (LP) chemical vapor deposition (CVD) Tetraethylorthosilicate (TEOS) and a spun- on- 
glass (SOG) deposition ([0075]). 

22. With regard to claim 16, Hshieh teaches: forming a layer of undoped polysilicon, after 
the oxide lining step, over the trench bottoms and the mesas, each including the first and second 
sidewalls (Fig 20,410). 

23. With regard to claim 17, Hshieh teaches: the step of filling the plurality of trenches with 
one of a semi-insulating material and an insulating material includes filling the plurality of 
trenches with at least one of undoped polysilicon, doped polysilicon, doped oxide, undoped 
oxide, sihcon nitride and semi-insulating polycrystalline silicon (SIPOS) (Fig 20, 410 and 
[0080]). 

24. With regard to claim 18, Hshieh teaches: the first sidewall surface has a first 
predetermined inclination maintained relative to the first main surface and the second sidewall 
surface has a second predetermined inclination maintained relative to the first main surface 
([0062]). 

25. With regard to claim 19, Hshieh teaches: the first and second sidewall surfaces are 
generally perpendicular relative to the first main surface ([0063]). 

26. With regard to claim 20, Hshieh teaches: the plurality of trenches are formed utilizing 
one or more of plasma etching, reactive ion etching (RIE), sputter etching, vapor phase etching 
and chemical etching ([0066]). 
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27. With regard to claim 21, Hshieh teaches: the doping with the dopant of a second 
conductivity type of the first sidewall surface is performed at a first predetermined angle of 
implant (Fig 20, 404). 

28. With regard to claim 22, Hshieh teaches: the doping with the dopant of a second 
conductivity type of the second sidewall surface is performed at a second predetermined angle of 
implant (Fig 20, 405). 

29. With regard to claim 23, Hshieh teaches: the doping with the dopant of the first 
conductivity type of the first sidewall surface is performed at the first predetermined angle of 

implant (Fig 20, 407). 

30. With regard to claim 24, Hshieh teaches: the doping with the dopant of the first 
conductivity type of the second sidewall surface is performed at the second predetermined angle 
of implant (Fig 20, 408). 

3 1 . With regard to claim 25, Hshieh teaches: diffusing the implanted dopants of the second 
conductivity type into the at least one mesa prior to implanting the dopants of the first 
conductivity type (Fig 20, 406). 

32. With regard to claim 26, Hshieh teaches: A semiconductor formed by the method of 
claim 14 (Fig 24, entire figure). 

Response to Arguments 

33. Applicant's arguments with respect to claims 1 and 14 have been considered but are moot 
in view of the new ground(s) of rejection. 
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Conclusion 

34. Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to RAJ GUPTA whose telephone number is (571)270-5707. The 
examiner can normally be reached on Monday-Thursday 9am-6pm. 

35. If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael M. Fahmy can be reached on (571)272-1705. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

36. Information regarding the status of an apphcation may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



RAJ GUPTA 
Examiner, Art Unit 2814 
May 26, 2010 



/Marcos D. Pizarro/ 

Primary Examiner, Art Unit 2814 



